Abstract: Femoroacetabular impingement is a disorder associated with labrochondral injury and the development of osteoarthritis. Although femoroacetabular impingement is a 3-dimensional disorder with variable size and extent of impingement between individuals, there are 2 primary types of hip impingement: Cam-type and Pincer-type. Cam-type impingement is the result of asphericity of the femoral head-neck junction whereas Pincer-type impingement results from acetabular overcoverage. This paper will focus on Pincer-type pathology. The pathomechanics and most common subtypes of pincer impingement, typical patient presentation, radiographic and imaging findings, surgical indications, intraoperative findings, and specific arthroscopic surgical techniques will be described.
PATHOMECHANICS AND SUBTYPES OF PINCER-TYPE IMPINGEMENT
Pincer-type impingement is the result of acetabular overcoverage. [1] [2] [3] [4] [5] [6] The area of overcoverage results in crushing the acetabular rim and labrum against the femoral neck or femoral head-neck junction (Fig. 1) . In contrast to camtype impingement that typically results in disruption or separation at the labrochondral junction, isolated pincertype impingement leads to edge loading of the acetabular rim and labrum without the separation of the labrochondral junction. [1] [2] [3] [4] [5] [6] Pincer-type pathology can also lead to subtle posterior subluxation of the femoral head with resultant ''contre-coup'' posterior linear areas of acetabular chondromalacia. [1] [2] [3] [4] [5] [6] Continued impingement and damage to the acetabular labrum can lead to eventual degenerative labral tearing, intralabral cytic and calcific changes, and eventual ossification of the acetabular labrum further increasing the degree of pincer-type impingement. Continued edge loading can also lead to linear softening ''wave sign'' at the acetabular rim to a lesser degree when compared with cam-type pathology. A majority of hips with FAI, however, have a combination of cam-type pathology and pincer-type pathology that results in a combination of the above-described intraarticular findings. [1] [2] [3] [4] [5] [6] Similar to cam-type impingement, pincer-type impingement is analogous to a finger print and the pattern of impingement varies considerably between individuals. There are 3 primary types of pincer-type impingement: focal anterior overcoverage, relative anterior overcoverage as seen in acetabular retroversion, and global acetabular overcoverage. Focal anterior overcoverage is seen in association with normal superior and posterior acetabular coverage. Relative anterior overcoverage is the result of relative acetabular retroversion with associated decreased posterior coverage. Pincer impingement can also extend superior and/or posterior, which is less common, and results in global acetabular overcoverage. Global acetabular overcoverage is often the result of coxa profunda or protrusio acetabuli that is defined by specific plain radiographic findings described in the imaging section of this paper. Although isolated pincer-type pathology is reported to be more common in females, it is frequently seen in combination with cam-type pathology and less commonly in isolation in males. [1] [2] [3] [4] [5] [6] In addition, isolated pincer-type pathology does not seem to be associated with the same degree of intraarticular chondral injury and degenerative changes early on in comparison to cam-type impingement.
CLINICAL PRESENTATION History
Patients presenting with intraarticular hip pain regardless of the etiology may have similar complaints with subtle clues that lead to the suspicion of bony impingement. Ideal candidates for surgery complain primarily of intermittent activity-related anterior groin pain during activities. Although the typical activity that reproduces their symptoms involve cutting and pivoting sporting activities and torsional activities of daily living, pain can also be noted with getting in and out of a chair, and with straight ahead running in some cases. Patients may complain of pain getting in and out of a car, difficulty with prolonged sitting, difficulty putting on socks and shoes, and a history of the inability to sit in a figure of 4 position or with their legs crossed. Although cam impingement may result in a greater degree of motion limitations per history, combined cam-type pathology and pincer-type pathology and even isolated pincer-type pathology can lead to significant motion limitations.
A family history of premature degenerative hip disease can also be a helpful clue as siblings and other immediate family members may suffer from similar hip problems. If an intraarticular anesthetic injection has been induced in the past, it is helpful to elicit any pain relief in the first couple of hours after the injection. If none was noted, one should inquire whether the patient tried to reproduce their typical pain. If a reproduction of pain was not attempted, a repeat injection followed by activity that reproduces the pain (impingement testing, sitting in a figure of 4 position, or inciting athletic activity) can be induced to further confirm the hip joint proper as the source of pain. 7 A history of painful and often audible snapping or ''clunking'' anteriorly may indicate internal/psoas snapping hip that can be associated with pincer-type impingement and labral pathology. Pincer-type pathology, labral pathology, and internal or psoas snapping hip have been termed by some surgeons as ''triple impingement. '' 8 In this situation, an intraarticular injection may give partial relief of the presenting pain, and a psoas bursal injection may give further relief confirming this association.
Physical Examination
A thorough physical examination is imperative when evaluating patients with hip pain. [9] [10] [11] It is helpful to initially have the patient point to the primary area of pain. The area of discomfort can help to further direct additional physical examination testing. Patients with pincer-type pathology will typically implicate the groin or deep lateral hip as the source of their pain. Range of motion (ROM) assessment may indicate limitations in forward flexion (FF) and internal rotation (IR), as well as an increased distance from the lateral knee to the examination table with FABER's testing. Obligate abduction and external rotation (ER) of the hip during FF range of motion testing can also be indicative of anterolateral hip impingement. Greater degrees of ROM limitations with FF, IR, and FABER's testing are seen with combined cam-type pathology and pincer-type pathology whereas global ROM restrictions are consistent with more advanced degenerative arthritis. Groin pain elicited with the anterior impingement test (forward flexion, internal rotation, and adduction of the hip) indicates anterolateral rim pathology whereas pain with posterior impingement testing (extension, abduction, ER of the hip) can be indicative of posterolateral rim pathology, psoas impingement, or apprehension secondary to dysplasia. [9] [10] [11] The ''SCOUR'' test, which is conducted by circumducting the hip from a position of flexion, internal rotation, adduction to extension, followed by circumducting the hip from a position of flexion, external rotation, abduction to extension, can also elicit groin pain in patients with pincer-type pathology. 9 Associated internal snapping can be elicited by bringing the flexed, abducted, externally rotated hip into a position of extension, adduction, and IR. There are multiple other examination tests that can be used to evaluate the hip and pelvis that go above and beyond the scope of this paper. [9] [10] [11] Subtle hip abductor and extensor weakness with strength testing and a positive Trendelenberg test is indicative of core trunk muscle weakness. In higher-level athletes, it is important to evaluate for concomitant athletic/sports pubalgia (sports hernia) as the motion limitations associated with hip impingement can lead to compensatory patterns outside the hip joint proper. 12 
IMAGING Plain Radiographs
We routinely obtain an anteroposterior (AP) pelvis of both hips, a modified 45-degree flexion Dunn view, crosstable lateral, and false-profile view of the affected hip for patients presenting with pain consistent with intraarticular pathology. It is imperative that the AP pelvis has the coccyx centered over the pubic symphysis with 0 to 3 cm between these 2 structures to accurately evaluate acetabular version. 13 An AP pelvis that is not centered or has an inappropriate distance between these 2 structures can significantly under or overestimate acetabular overcoverage. The measurements that we routinely obtained on plain radiographs include the lateral center edge (LCE) angle, anterior center edge (ACE) angle, Tonnis angle, alpha angle, femoral head lateralization, Shentons line, femoral neck-shaft angle, posterior wall sign, ischial spine sign, relationship of the medial femoral head/ilioischial line/and tear drop, presence of a cross-over sign, and the degree of degenerative changes (Tonnis grading and percent joint space narrowing). [13] [14] [15] [16] It is imperative to have an understanding of the above angles, measurements, and signs to appropriately define structural impingement, structural instability, or a combination of both structural impingement and instability.
The 3 previously mentioned types of pincer impingement are best evaluated by plain radiographs as follows. Focal anterior overcoverage is indicated by a positive crossover sign, negative posterior wall sign, and LCE of greater than 25 degrees (Fig. 2) . Relative anterior overcoverage (acetabular retroversion) is indicated by a cross-over sign, a positive posterior wall sign, and positive ischial spine sign (Fig. 3) . The LCE in addition to other findings need to be carefully evaluated in the case of acetabular retroversion to define whether there is primarily structural impingement, structural instability, or both. Anterior acetabular overcoverage may also be associated with anterior/superior rim fractures/os acetabuli particularily in the presence of mixed-type FAI and management of these fragments is based on location, size, and CE angles with and without these fragments (Fig. 4) . Global acetabular overcoverage is typically secondary to coxa profunda or protrusio acetabuli. Coxa profunda is diagnosed by plain radiographs when the tear drop lies medial to the ilioischial line (Fig. 5 ). This can be associated with ossification of the acetabular labrum that further deepens the acetabulum. Protrusio acetabuli is diagnosed by plain radiographs when the medial aspect of the femoral head lies medial to the ilioischial line (Fig. 6) . All of the above subtypes of pincertype impingement vary from one individual to another and need to be evaluated as one piece of a thorough radiographic work-up for structural impingement/instability.
Advanced Imaging
Magnetic Resonance Imaging (MRI) is useful for evaluation of soft tissue and to a lesser degree bony pathology. MRI arthrogram has been shown to be the preferred technique for evaluation of the hip joint with improved sensitivity for evaluation of labral tears. 17, 18 The sensitivity for identifying chondral pathology is still not ideal although newer techniques may prove more accurate in this regard in the future.
17,18 MRI arthrogram should also include an intraarticular anesthetic injection to verify the hip joint proper as the source of pain. It is important to have the patient undertake the pain-generating activities immediately after the MRI to evaluate the response to the anesthetic injection.
Although MRI can be used to evaluate bony pathology, we find that 3-dimensional computerized tomography (3D CT) is invaluable when evaluating patients with FAI that are being considered for arthroscopic management. This allows the surgeon to appropriately map out impingement on the acetabular and femoral side in 3 dimensions. Rim hyperostosis, rim fractures, and os acetabuli locations and size are well visualized, and axial images allow for evaluation of acetabular version and anterior and posterior coverage (Fig. 7) . The extent of cam lesions and their proximity to the retinacular vessels can be evaluated, and sections through the knee can be obtained to assess femoral neck version in an effort to better globally assess the hip joint.
All of the above imaging findings are simply clues to defining the true pathology at work and need to be correlated with history, physical examination findings, other imaging studies, and intraoperative findings to determine the optimal treatment for each patient.
SURGICAL INDICATIONS AND CONTRAINDICATIONS Indications
Indications for management of FAI, regardless of the approach, continue to evolve. Surgery is best suited for patients with intermittent activity-related pain primarily involving torsional activities and minimal to no degenerative hip disease seen on plain radiographs. Surgery is indicated for continued hip pain despite a conservative approach consisting of core strengthening, pelvic postural retraining, and activity modification for at least 6 weeks to 3 months. Unfortunately, physical therapy can aggravate symptoms in the setting of impingement, particularly when the focus is on restoration of normal motion that can result in further impingement. In-season athletes can present a more difficult dilemma, and we typically withhold surgery until after the season if the athlete is functional despite discomfort. We occasionally will use an intraarticular corticosteroid injection, and find it helpful for in-season athletes to avoid aggressive, heavy weight, deep hip flexion weight training such as deep squats, lunges, cleans, and dead lifts.
Contraindications
Patient selection is the single most important factor related to excellent outcomes. There is a steep learning curve to understanding and managing FAI and each surgeon needs to recognize his or her abilities and comfort level. We have found that patients with >50% joint space narrowing, a predominance of aching pain at rest, and bipolar grade 4 lesions seen on MRI have universally poor outcomes. 19 Any significant degenerative changes seen on plain radiographs will underestimate the true degree of arthritis 
SURGICAL TECHNIQUE Intraoperative Set Up and Assessment
We use the supine position for hip arthroscopy. We prefer a standard fracture table although various commercial distraction devices/tables are available. The patient is placed on the table and ROM is assessed paying particular attention to internal and external rotation. The patient is then positioned with the feet in well-padded boots, and a FIGURE 4. Preoperative AP radiograph (A) and intraoperative-modified 45-degree Dunn view (B) reveals a superior rim fracture (black solid arrow) and cam impingement (dashed black arrow) in a 21-year-old soccer athlete. The rim fracture was partially resected and stabilized arthroscopically with a cannulated screw (C) to reduce acetabular overcoverage without creating a dysplastic hip. A femoral resection osteoplasty (black arrow) was also carried out (C). At 1-year follow-up, the patient had returned to full sporting activities without pain, and an AP radiograph verified healing of the rim fracture, reduced acetabular overcoverage with maintenance of a normal lateral center edge angle (D). well-padded post is placed against the upper medial thigh of the operative leg. 20 The contralateral leg is abducted and externally rotated and the operative leg is in a position of neutral abduction, slight hip flexion, and internal rotation. The bed is then air-planed (typically toward the operative side) placing both ASIS parallel to the floor/ceiling. This is done to achieve a neutral pelvic position to recreate an intraoperative fluoroscopic image that recreates a wellaligned preoperative AP pelvis radiograph. An ''Around the World'' fluoroscopic assessment is then done for the hip in extension and maximal internal, neutral, and ER and the hip in flexion with maximal internal, neutral, and external rotation. 20 The AP images allow for evaluation of the superior/inferior femoral-head-neck junction and the lateral images allow for evaluation of the anterior and posterior head-neck junction. Finally, a cross table lateral is obtained.
Surgical Technique
At this point arthroscopy is carried out with a 2-portal technique using the anterolateral portal and an anterior/ mid-lateral portal. 21, 22 The anterior portal is made further distal to the traditional anterior portal to allow a better angle for suture anchor placement for labral refixation (Fig. 8) . Occasionally, a posterolateral portal is established for posterior rim resection typically in the setting of profunda or protrusio. It is imperative to verify that intraoperative findings correlate with imaging studies to verify the mechanics at work. A labrochondral disruption with varying degrees of chondral delamination is consistent with camtype impingement. Labral ecchymosis, ossification, intrasubstance cystic degeneration, a thin linear wave sign at the anterior superior acetabulum, posterior linear acetabular wear pattern, and an acetabular rim extending well beyond the labrochondral junction (>3 to 5 mm) are consistent with pincer-type impingement (Fig. 9 ). There are occasionally associated anterior and superior rim fractures/os acetabuli.
Once pincer-type impingement has been verified, the labrum is assessed for management techniques (Fig. 10) . We have found that after exposure of the periphery of the labrum, the labrum can be preserved in the majority of cases. Labral preservation is preferred to indiscriminate debridement/excision whenever possible. 2, 21 If the labrum has significant intrasubstance/cystic/calcific deposits or is ossified, a debridement is appropriate. Labral preservation in the setting of pincer impingement and rim resection can be carried out with 1 of 2 primary techniques. If the labrochondral junction is intact with an associated area of bony prominence on the rim, a burr can be used to resect the rim peripheral to the labrum without labral takedown. We have used this technique for short segment pincer lesions generally in the setting of true anterior overcoverage.
More frequently, however, we do a formal labral takedown before rim resection. 23 The area of pincer resection is generally dictated by the length of labral pathology. This typically extends from the 9:30 to 12:00 position for the right hip but there is significant variability between patients. We supplement our arthroscopic evaluation of pincertype impingement with an intraoperative fluoroscopic assessment. 20 At this point, we typically begin our labral takedown by placing a banana blade through the anterior portal. The banana blade is used to palpate the acetabular rim peripheral to the labrum and is placed between the labrum and acetabular rim at the inferior extent of the pincer lesion. When detaching the labrum, the blade should begin at the periphery of the labrum and pass between the labrum and acetabulum at the labrochondral junction without undermining the adjacent articular cartilage margin. The labral takedown is done up to the 12:00 position with the blade in the anterior portal (Fig. 10) . A burr is then introduced through the anterior portal and placed on the anteroinferior rim. A fluoroscopic image verifies the starting point just inferior to the cross-over sign (Fig. 10) . Our proposed rim resection is planned preoperatively with plain radiographs and CT imaging. The amount of rim resection carried out, which is typically 4 to 6 mm, is primarily based on intraoperative extension of the rim beyond the labrochondral junction (Fig. 10 ). More extensive rim resections, however, can be required and are typically seen in the setting of global overcoverage and an ossified labrum. We further assess the rim resection with intraoperative fluoroscopy confirming appropriate version with the anterior wall lying medial to the posterior wall and a gradually convergence of the 2 walls superiorly (Fig. 10) .
The arthroscope is then placed in the anterior portal and the blade is introduced through the anterolateral portal. This allows for evaluation of the superior and superoposterior labrum and acetabulum. The arthroscope is driven between the labrum and acetabulum and the superior extent of the takedown is evaluated and further takedown can be done if necessary (Fig. 10) . The superior extent of the rim resection is then completed. The rim resection should begin and end gradually with the deepest resection at the center of the pincer lesion. If more extensive superior areas of rim resection are carried out it may be helpful to intermittently release traction to evaluate acetabular coverage. It should be reemphasized that appropriate orientation of the fluoroscopic imaging is necessary to further confirm appropriate resection with fluoroscopy. For cases of posterior pincer extension and global overcoverage, a posterolateral portal can be established to complete a more global rim resection.
When labral takedown is complete, attention is paid to labral refixation. We begin by placing the first anchor superiorly and approximately 1 cm from the superior extent of the labral takedown through the anterolateral portal. Superior placement is done first as fluoroscopy can be used to visualize drill placement superior to the sourcil (Fig. 10) . It is critical to place the anchor on the bony rim 1 to 2 mm off the articular margin and to avoid penetration of the articular cartilage with the drill and subsequent anchor. Once anchor placement is completed, 1 limb of the suture is passed between the labrum and acetabulum. A penetrating device or suture passer is then placed through the labrum and the suture is retrieved (Fig. 10 ). This creates a mattresstype stitch that may better restore the seal when compared with passing the suture around the labrum. Some surgeons recommend looping around the labrum and at this time there is no clear consensus with regards to either technique. The arthroscope is then exchanged to the anterolateral portal and attention is paid to placing the anterior anchors.
We next place an anchor about 1 cm from the anterior extent of labral takedown using the same technique described above. Although we typically use 3 anchors for labral refixation (Fig. 10) , more or less may be required depending on the extent of the pincer lesion. In the setting of global acetabular overcoverage, up to 5 to 8 anchors may be required.
After completion of labral refixation, traction is released, restoration of the labral seal is confirmed, and the hip is evaluated for any residual impingement (Fig. 10) . We do dynamic assessment in several positions at this time. The hip is assessed for impingement in a position of extension, abduction, IR, and ER, a position of hip flexion, abduction, IR, and ER (butterfly goalie position), a position of maximal hip flexion (typically 100 degrees with a fracture table), adduction, IR, and ER, and in the FABER's position. If the femoral neck and or head-neck junction is noted to impinge against the labrum or result in levering of the femoral neck against the rim with an apparent opening up of the joint, then a femoral resection osteoplasty or further rim resection may be indicated (Fig. 10) . The decision to proceed with femoral resection osteoplasty should be determined by preoperative radiographic and intraoperative arthroscopic findings. When impingement-free ROM is confirmed arthroscopically, and fluoroscopy reveals improved acetabular coverage and version, and improved femoral head-neck sphericity on a repeat ''around the world'' fluoroscopic evaluation, a shaver is used to meticulously remove all bony debris to decrease the risk for postoperative heterotopic bone formation. Capsular closure is a debatable topic and there is no clear consensus with respect to this topic at this time. We routinely use 2 or 3 2 vicryl sutures to reapproximate a portion of the capsulotomy. For patients over the age of 40 with associated degenerative changes, however, we generally leave the capsulotomy open as there is frequently a degree of noncompliance of the capsular structures in this setting. The portals are closed with nonabsorbable sutures and a soft dressing is applied.
Postoperative Management
Postoperative restrictions are based on the procedure carried out. We use toe touch weight bearing with avoidance of the extremes of ER for 2 weeks after labral refixation. Avoidance of high-impact activities are recommended for 2 months after femoral resection osteoplasty. Early passive ROM can be critical in this setting to prevent intraarticular adhesions. We do not routinely use continuous passive motion machines, but recommend 10 to 20 minutes of well leg cycling on a stationary bike twice daily beginning the day of surgery. The first physical therapy visit is begun within 1 or 2 days of surgery and ideally directed by a therapist with experience managing patients after hip arthroscopy. The value of a well-trained hip-specific therapist and the impact of functional recovery cannot be overstated.
Outcomes
Outcomes after arthroscopic management of FAI are increasingly reported in the literature. 2, 21, 22, [24] [25] [26] [27] [28] [29] [30] The available studies have shown improved outcomes comparable to that seen after an open surgical dislocation. Studies comparing labral resection versus labral preservation/ refixation have shown significantly better outcomes and less degenerative changes on radiographs in the refixation group at early 1-year follow-up and 2-year follow-up. 2, 22, 24 Complications after rim resection for pincer impingement include risk for iatrogenic structural instability and can be minimized with careful attention to appropriate preoperative diagnosis and surgical technique. [31] [32] [33] 
CONCLUSIONS
The concept of femoroacetabular impingement and the ideal surgical approaches continue to evolve. The growing arthroscopic literature reveals excellent outcomes in the majority of patients and improvements comparable to that seen after open surgical dislocation for carefully selected individuals with FAI. Arthroscopic management of pincertype impingement can be a demanding procedure with a steep learning curve. A thorough understanding of hip mechanics and pathology is required to properly select individuals that may benefit from an arthroscopic approach. An alteration in the progression of osteoarthritis after surgical management of FAI has yet to be determined regardless of the surgical approach.
